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Suppressor of Deltex and its homolog NEDD4, proteins
proposed to inactivate Notch molecules by directing
them to an intracellular compartment for degradation
(Sakata et al., 2004; Wilkin et al., 2004).
How might Deltex promote Notch endocytosis? Pro-
teomic studies by Artavanis-Tsakonas’s group have
identified a complex between the b-arrestin homolog
Kurtz and Deltex (Veraksa et al., 2005). Non-visual
b-arrestins are versatile adaptor proteins that regulate
the signaling and trafficking of different classes of re-
ceptors (Shenoy and Lefkowitz, 2003) and it may be
that Kurtz connects Notch/Deltex complexes to the en-
docytic machinery or otherwise influences their fate,
perhaps even by inactivating them in a way that may
depend on the E3 ubiquitin ligase activity associated
with mammalian Deltex proteins (Takeyama et al.,
2003). It is also attractive to speculate that Deltex/Kurtz
complexes act as a CSL-independent sensor for Notch
activation, thereby serving to integrate the effects of
Notch activation with other signaling events influenced
by b-arrestins, like those transduced by G proteins,
Wnt proteins, or TGF-b family molecules. Having the
structure of the WWE domain of Deltex in hand repre-
sents an important first step toward sorting among
these various possibilities for the role of Deltex as a mod-
ulator of Notch signaling.
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Figure 1. Surface Electrostatic Potential of the Notch Ankyrin Re-
peat and Deltex WWE Domains
The polypeptide chains are represented by ribbons and the protein
surfaces are colored according to electrostatic potential (red:250 kT,
blue: +50 kT).
(A) The ankyrin repeat domain of Drosophila Notch. Individual an-
kyrin repeats are labeled A2–A7; an acidic patch on the surface
of the fourth repeat near A2060 of repeat five is circled in black.
(B) The Deltex WWE domain. The basic pocket on the second WWE
repeat is circled in black.
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1580Syn-Full Behavior
by T7 DNA Polymerase
In this issue of Structure, Brieba et al. (2005) report the
structure of a mutant T7 DNA polymerase with a tem-
plate lesion (8-oxo-7,8-dihydro-20-deoxyguanosine) ina mutagenic syn conformation. This result provides a
structural basis for understanding the role of template
positioning during mutagenic DNA synthesis.
Cellular components are under the constant threat of at-
tack by reactive oxygen species (ROS) generated during
aerobic respiration. A major promutagenic DNA lesion
Previews
1581generated by ROS is 8-oxo-7,8-dihydro-20-deoxyguano-
sine (8oG). Due to its ambivalent base-pairing properties
(Figure 1), DNA polymerases discriminate poorly when
8oG is encountered; inserting dCTP or dATP (Shibutani
et al., 1991). As a defense, cells have developed an ele-
gant multilayered base excision repair (BER) system to
protect themselves from this specific lesion (Grollman
and Moriya, 1993) (Figure 2). The bulk of these simple
base modifications are removed from DNA by BER. Yet,
the frequency of oxidative DNA damage inevitably leads
to unrepaired 8oG in the genome that will be encoun-
tered during replication. It has been estimated that the
background level of DNA oxidation is 103–104 8oG resi-
dues per human genome (Collins, 1999). Highlighting the
biological significance of this lesion, the cell has further
developed a repair enzyme (MYH) that specifically re-
moves adenine that has been misinserted opposite 8oG
(Figure 2).
Unmodified deoxyguanine prefers an anti glycosidic
torsion angle, whereas 8oG favors a syn conformation
that can form a Hoogsteen base pair with adenine (Fig-
ure 1). The structures of 8oG paired with an incoming
dCTP or ddCTP in the confines of a polymerase nascent
base pair binding pocket have been determined for mem-
bers of three DNA polymerase families: T7 DNA polymer-
ase (A family) (Brieba et al., 2004), RB69 DNA polymerase
(B family) (Freisinger et al., 2004), and DNA polymerase
b (X family) (Krahn et al., 2003). The fingers or N subdo-
main of each of these polymerases forms a tight pocket
around the nascent base pair and is in the closed ‘‘ac-
Figure 1. Base-Pairing Properties of 8oG
The structure of 8oG (gold) in duplex DNA is dependent on its base-
pairing partner; an anti conformation is observed when 8oG is paired
with cytosine, and a syn conformation when it’s paired with adenine.
At physiological pH, the carbonyl at C8 of 8oG induces protonation
of N7, changing a hydrogen bond acceptor to a donor, thereby per-
mitting stable Hoogsteen base-pairing with adenine.
Figure 2. DNA Repair and Replication of 8oG
BER is initiated by a DNA damage-specific glycosylase. Eukaryotic
OGG1 DNA glycosylase (MutM represents the E. coli homolog) re-
moves 8oG paired with cytosine to rid the genome of most of this
oxidized base. During DNA replication, unrepaired 8oG codes for
dCTP or dATP. To remove misinserted adenines residues, human
MYH (MutY homolog) initiates BER by removing the inappropriate
adenine. Gap-filling DNA synthesis will result in a DNA substrate
for OGG1 (C-8oG) or MYH (A-8oG). Despite layers of surveillance,
replication of the unrepaired adenine-containing strand results in
a G to T transversion.tive’’ conformation, in contrast to an ‘‘open’’ conforma-
tion typically observed in the absence of an incoming
dNTP. These structures showed the modified template
base and incoming cytosine in anti conformations, and
revealed only minor local structural changes to accom-
modate 8oG. For example, DNA polymerase b only re-
quired repositioning of the 8oG phosphate to make room
for O8 (Krahn et al., 2003). On a similar scale in T7 DNA
polymerase, Lys536, which appears to stabilize the
sugar-phosphate backbone of an unmodified templat-
ing base, forms a hydrogen bond with O8, stabilizing
the anti conformation with 8oG as the templating base
(Brieba et al., 2004).
Attempts to produce a ternary complex structure with
an incoming dATP opposite an 8oG lesion in the syn
conformation had been unsuccessful. For DNA polymer-
ase b, bound dATP was hydrolyzed to dAMP and the
template 8oG remained in an anti conformation. Addi-
tionally, the purine rings of 8oG and adenine stacked
with one another thereby obstructing closing of the fin-
gers or N subdomain (Krahn et al., 2003).
Generally, high fidelity DNA polymerases insert dATP
opposite an unmodified guanine approximately105-fold
less efficiently than dCTP (i.e., 1 dATP misinserted per
100,000 replicated guanines) (Beard et al., 2002). For
a high fidelity DNA polymerase, correct nucleotide inser-
tion is decidedly efficient and exquisitely sensitive to
modification of the nascent base pair binding pocket.
This property is nicely illustrated by the insertion kinet-
ics exhibited by the high fidelity T7 DNA polymerase
when it encounters the ambiguous coding template
base 8oG. Wild-type T7 DNA polymerase lacking exonu-
clease activity (exo2) inserts dCTP 200-fold less effi-
ciently opposite 8oG as compared to dG (Furge and
Guengerich, 1997). Coupled with a higher efficiency for
dATP insertion opposite this lesion, wild-type T7 DNA
polymerase exo2 inserts dCTP only 2-fold better than
dATP with a template 8oG (Brieba et al., 2005; Furge
and Guengerich, 1997). Thus, the substantial loss in en-
zyme specificity is the net result of significant changes in
the efficiencies for dCTP (decreased efficiency) and
dATP (increased efficiency) insertion.
Structure-based modeling of (syn)8oG paired with
(anti)dATP in the nascent base pair binding pocket of
T7 DNA polymerase suggested that Lys536 would cre-
ate a steric and/or electrostatic conflict that destabilized
the closed conformation (Brieba et al., 2004). In this is-
sue, Ellenberger and coworkers demonstrate that re-
moving this potential conflict by replacing the side chain
with alanine produced a mutant enzyme (K536A) with
a reduced catalytic efficiency for dCTP insertion, consis-
tent with the loss of the hydrogen bond between Lys536
and O8 of 8oG in the anti conformation, so that dATP in-
sertion opposite 8oG was now preferred (Brieba et al.,
2005).
The mutant enzyme enabled determination of the
structure of the ternary complex with the polymerase
captured in the closed form with 8oG in a syn conforma-
tion (Brieba et al., 2005). This finding represents the
very first ternary dNTP/DNA complex structure of a poly-
merase with a mismatch in the confines of the nascent
base pair binding pocket. Coupled with previously de-
termined structures of T7 DNA polymerase and the DNA
polymerase I fragment from Bacillus (Brieba et al., 2004;
Structure
1582Hsu et al., 2004), an A family DNA polymerase, the mo-
lecular interactions and events leading to the bypass
of a mutagenic DNA lesion are emerging.
In the DNA binary complexes of A family polymerases,
the template base is typically positioned outside of the
DNA helix with an aromatic side chain stacking with
the template base immediately upstream of the coding
base (Beard and Wilson, 2000). In the Bacillus fragment
structure, 8oG is in a syn conformation in this extraheli-
cal position (Hsu et al., 2004). A binary complex with T7
DNA polymerase shows 8oG to be extrahelical as well,
but disordered suggesting conformational flexibility
(Brieba et al., 2004).
In the newly solved ternary complex, the K536A
mutant of T7 DNA polymerase facilitates closing of the
fingers subdomain with 8oG in the syn conformation,
which is further stabilized by dATP binding. Mech-
anistically, insertion of dATP and subdomain opening
promotes translocation to position the (syn)8oG-(anti)A
base pair at the primer terminus. The syn conformation
of 8oG positions O8 in the minor groove at an equivalent
position expected for O2 of thymidine thereby pre-
serving the minor groove hydrogen bonding interactions
expected for a Watson-Crick base pair. This permits es-
cape of the mutagenic base pair from the intrinsic proof-
reading exonuclease activities of these polymerases
(Brieba et al., 2004; Hsu et al., 2004).
The structural/kinetic/biochemical approach utilized
by Brieba et al. (2005) has provided new insights into
the molecular interactions that modulate the anti-syn
and open-closed equilibriums of 8oG and the fingers
subdomain, respectively. The results underscore the
many dynamic aspects of DNA synthesis, and the im-
portance of precise template base positioning for effi-Structure, Vol. 13, November, 2005, ª2005 Elsevier Ltd All rights reserv
SARS Proteomics
Reveals Viral Secrets
Worldwide cooperative efforts to understand the biol-
ogy of the SARS coronavirus have already born signif-
icant fruit. In a further advance, the X-ray structure of
a domain of nonstructural protein 3 is reported by Sai-
katendu et al. (2005) in this issue of Structure.
The SARS coronavirus, a positive sense single-stranded
RNA virus which emerged from China in November
2002, caused 916 deaths out of 8422 reported cases.
Its transmission by one ‘‘superspreader’’ in a Hong
Kong hotel to wider Hong Kong (195 cases), Singapore
(71), Vietnam (58), Canada (29), the United States (1),
and Ireland (1) was a stark global warning of the poten-
tially devastating effects of a surprise pandemic (Mona-
ghan, 2004). The lessons learned from the averted SARS
threat are of particular relevance in November 2005, as
we face the increasing likelihood of a global pandemiccient and faithful replication. It remains an exciting chal-
lenge to decipher the general as well as the specific
strategies utilized by DNA polymerases to make the
right decisions about substrate selection and insertion.
The structure of the mutagenic base pair in the confines
of a closed polymerase complex exposes some of those
strategies.
William A. Beard and Samuel H. Wilson
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if the H5N1 avian influenza virus, currently spreading
from the bird population of Asia, becomes adapted for
human to human transmissibility.
In a worldwide cooperative research effort involving
a multidisciplinary approach, structural and functional
characterization of the SARS virus and its host interac-
tions has been swiftly pursued. Four months after the
first case of SARS, the virus was identified, and determi-
nation of its complete sequence was finished only 2
weeks later. The virus genome was found to code for
28 proteins, and a month after its publication, the struc-
ture of the first SARS protein, the 3CL protease, was
placed in the Protein Data Bank (Anand et al., 2003).
This protease represented a prime target for design of
anti-SARS drugs (Yang et al., 2003) and was followed
by the structures of other SARS proteins, including parts
of the SARS CoV replicase polyprotein: nsP7 (Peti et al.,
2005) by NMR and nsP9 (Egloff et al., 2004) by crystal-
lography. Among other published SARS crystal struc-
tures are the N-terminal RNA binding domain of the
SARS CoV nucleocapsid protein (Huang et al., 2004),
the sars2 (ORF2) spike receptor binding domain
